Objective. Laryngotracheal stenosis (LTS) is a fibrotic process that narrows the upper airway and has a significant impact on breathing and phonation. Iatrogenic injury from endotracheal and/or tracheostomy tubes is the most common etiology. This study investigates differences in LTS etiologies as they relate to tracheostomy dependence and dilation interval.
L
aryngotracheal stenosis (LTS) is a fibrotic process that narrows the upper airway passages and has a significant impact on breathing and phonation. 1, 2 The stenosis usually occurs within the larynx or proximal trachea, although it can occur more distally in the trachea as well. Surgical decision making incorporates the characteristics of the stenosis on flexible laryngoscopy and bronchoscopy, subjective complaints of dyspnea, and, at times, computed tomography scan and/or pulmonary function tests. Herrington et al contrasted the chronic nature of endoscopic treatment of LTS and its limited morbidity with more definitive open procedures and associated higher rates of morbidity and mortality. 3 Large studies are limited given the relatively uncommon nature of LTS, yet they have established key patient outcomes, including tracheostomy and time to second procedure or, more generally, the interval between dilations. 4 The principal etiologies of LTS are iatrogenic, idiopathic, autoimmune, and traumatic. 1, 4 Studies examining etiologyspecific LTS characterize variations and disparate responses to treatment. 1, 4, 5 In a large multi-institutional study of idiopathic subglottic stenosis, Gelbard et al demonstrated that idiopathic patients were usually able to avoid tracheostomy irrespective of whether an open or endoscopic surgical approach was used for treatment. 6 In a study with a high proportion of autoimmune patients, Hseu et al demonstrated that surgical techniques, use of steroid injection, and mitomycin C application did not affect procedure interval between procedures. 1 In a single-institution study, Gelbard et al demonstrated that tracheostomy dependence is higher in iatrogenic and autoimmune-associated LTS than in traumatic or idiopathic LTS. 4 Iatrogenic injury from endotracheal and/or tracheostomy tubes occurs more frequently than other etiologies. 4, 7 Studies show that endotracheal tube sizes .7.5 place patients at higher risk for tracheal stenosis and posterior glottic stenosis. 8, 9 Additionally, comorbidities adversely affecting wound healing, including diabetes, were found to be intrinsic risk factors for glottic stenosis and associated with iatrogenic LTS. [9] [10] [11] Nevertheless, further studies are necessary to improve our understanding of etiology-specific factors, patient comorbidities, and the impact of treatment modalities on patient outcomes.
This study investigates a large cohort of LTS patients, with a focus on prevalent comorbidities stratified by LTS etiology that may influence tracheostomy dependence and dilation interval. We aim to build on recent publications that show iatrogenic LTS patients to have higher-grade stenosis, higher association with tracheomalacia, and worse outcomes, which in part may be due to these patients' comorbidities. Identification of intrinsic patient characteristics may affect the management of LTS patients and reduce its incidence. Furthermore, we anticipate that the data presented in this study will inform clinician and patient expectations regarding treatment options and outcomes in LTS.
Methods

Patient Selection
Approval was obtained from the Johns Hopkins University Institutional Review Board (NA00081469) prior to beginning this study. Medical records were reviewed from 2004 to 2015, and all patients with LTS were reviewed. Patients included in the study were 18 years old and had documented stenosis on flexible laryngoscopy or computed tomography imaging that was not the result of bilateral vocal fold paralysis or tracheomalacia alone. LTS etiology was determined by review of the medical record, including classification within the otolaryngology notes. Patients with isolated glottic or supraglottic stenosis were excluded from this study.
Recorded Variables
Patient demographics were recorded. Comorbidities, smoking history, autoimmune blood markers, and tracheostomy status at first presentation were documented. History of an open procedure was defined as open procedures of the trachea, except tracheostomy. Intraoperative usage of steroids, mitomycin C, incision type, balloon, or bougie dilation was also documented. Distance, length, and degree of compromise were recorded from flexible laryngoscopy examination or computed tomography scan, and Cotton-Myer grade was determined. Location of stenosis was recorded, and patients who had stenosis at multiple sites were identified. Patients with subglottic stenosis with a component of glottic stenosis were analyzed separately from patients with multilevel stenosis that did not have any glottic involvement.
Patient Outcomes
The primary outcome in this study is tracheostomy status at last follow-up visit, with the secondary outcome being time to second procedure. Operative intervention, defined as any procedure relating to managing the stenosis, and the total number of procedures were documented. The number of procedures per year was calculated by dividing the followup duration in years by the number of procedures that the patient underwent during this time.
Statistical Analysis
All statistical analysis was performed with Stata 12.0 (StataCorp, College Station, Texas). Parametric versus nonparametric variables were identified graphically and with the skewness-kurtosis test. Chi-square tests were used for normally distributed categorical variables. Student t tests were used for continuous variables. Analysis of variance was used to compare parametric continuous variables among etiology-specific LTS groups, and Kruskal-Wallis 1-way analysis of variance was used for nonparametric variables. A Holm-Sidak post hoc pairwise multiple-comparison analysis was used to further identify statistically significant subgroups for analysis of variance and chi-square tests, and Dunn's test of multiple comparison was used for post hoc analysis of Kruskal-Wallis tests. For multiple logistic regression models, all outcome variables were initially tested with univariate analysis. Statistically significant associations were subsequently included in the multiple logistic regression model. Kaplan-Meier curves were used to model time to second procedure. P values \.05 were considered statistically significant.
Results
Demographic characteristics and comorbid conditions of study participants stratified by LTS etiology are shown in Table 1 : 98.7% of idiopathic stenosis participants were female, as compared to 53.1% of iatrogenic and 63.3% of autoimmune participants (P \ .001). Twenty-nine percent of iatrogenic stenosis participants were African American, which was significantly (P \ .001) higher than the 8.5% of autoimmune and 4.1% idiopathic participants. Iatrogenic LTS participants had a significantly higher Charlson Comorbidity Index (CCI) when compared with autoimmune or idiopathic stenosis patients (P \ .001). A comparison among specific comorbidities within the CCI is listed in Table 1 . Stenosis characteristics were significantly (P \ .001) different among LTS etiologies, with iatrogenic stenosis more likely to be farther from the glottis when compared with autoimmune and idiopathic stenosis and more likely to have a longer stenotic segment when compared with idiopathic stenosis. Additionally, the compromise percentage for iatrogenic stenosis was significantly higher than that for autoimmune stenosis (61.2 6 21.3 vs 49.9 6 19.3, P \ .001). A majority of the multilevel stenosis patients in this study had glottic involvement (61.5%), but, interestingly, glottic involvement for multilevel stenosis was more commonly seen in autoimmune LTS than in the iatrogenic cohort. Figure 1 compares the total number of patients within each etiology as stratified by Cotton-Myer grade. The average number of procedures per year was not significantly different for patients irrespective of stenosis etiology. However, idiopathic LTS patients had a significantly (P \ .001) longer time to second procedure than that of all patients with all other types of LTS (Figure 2A) . Patients who were tracheostomy dependent at last follow-up had a shorter time to second procedure when compared with patients who were tracheostomy free ( Figure 2B ). Additionally, smokers had a shorter time to second procedure than nonsmokers ( Figure 2C) .
Tracheostomy status was assessed with univariate and multivariate analysis. tracheostomy status at last follow-up and shows that tracheostomy dependence was associated with older age, female sex, iatrogenic etiology, ethnicity, higher CCI, type II diabetes, chronic obstructive pulmonary disease (COPD), smoking, and Cotton-Myer grade 3 or grade 4 stenosis. Multiple logistic regression analysis in Table 3 shows that iatrogenic LTS (odds ratio [OR] = 3.1, 95% confidence interval [95% CI] = 1.2-8.2), Cotton-Myer grade 3-4 (OR = 2.6, 95% CI = 1.1-6.4), and lack of intraoperative steroids (OR = 2.9, 95% CI = 1.2-6.9) were associated with tracheostomy dependence. The association of treatment modalities on tracheostomyfree survival when stratified by iatrogenic etiology was included in a separate multiple logistic regression model, as shown in Table 4 . Overall, these analyses showed no significant differences in overall odds of remaining tracheostomy free for any treatment modality other than steroid use. Steroid use remained more likely to be associated with tracheostomy-free survival (OR = 3.5, 95% CI = 1.6-7.7) in the overall population. Stratifying by iatrogenic etiology status made this association disappear.
Discussion
This study showed that primary outcome of tracheostomy dependence was associated with iatrogenic LTS, CottonMyer grade 3-4, and lack of intraoperative local steroid injection. Tracheostomy dependence and tobacco use were associated with a decrease in time to second procedure, whereas idiopathic etiology was associated with a longer time to second procedure. Iatrogenic LTS demonstrated some unique features: it was located farther from the vocal folds than idiopathic and autoimmune LTS, with a greater length of stenosis than idiopathic LTS and with greater narrowing than autoimmune LTS. Furthermore, iatrogenic LTS had prevalent comorbidities, including a significantly higher rate of gastroesophageal reflux disease, obstructive sleep apnea, type II diabetes mellitus, hypertension, and tobacco use when compared with idiopathic LTS.
The disparate behavior of LTS etiology is evident when comparing iatrogenic LTS directly with idiopathic subglottic stenosis. The idiopathic cohort in this study demonstrated a Only patients who had a second procedure were included (n = 144). predominant Cotton-Myer grade 1-2 classification (76.6%), female sex (98.7%), Caucasian ethnicity (94.6%), and a low incidence (4.1%) of tracheostomy dependence-unique patient characteristics that correspond with other publications. 1,4,12,13 A favorable treatment response was also seen in our cohort, with a significant increased time interval to second procedure for idiopathic subglottic stenosis patients when compared with all other etiologies. While this outcome may be related to the lower disease burden in patients with idiopathic subglottic stenosis, it may also be due to the specific pathophysiology causing this subset of LTS. 1, 4, 12, 13 This study demonstrated that patients who received a steroid injection were more likely to be tracheostomy free. As the tracheostomy-dependent patients in this study had a shorter time to second procedure, these patients appeared to be treated more aggressively, likely to exhaust all options for decannulation. The underlying mechanism for this finding may be due to steroid reduction of inflammation slowing the recurrence of fibrosis. Evaluating treatment modalities beyond steroid use demonstrated that variations in technique were not associated with remaining tracheostomy dependent or with time to second procedure. Similarly, Hseu et al showed similar conclusions that variations in dilation type (balloon vs bougie), mitomycin C application, and incision type (cold vs CO 2 ) did not affect procedural interval. 1 Isolating treatment variations for iatrogenic LTS patients showed no differences, implying that surgeon preference may be used to guide instrument choice for excision and dilation.
Intrinsic comorbidities, such as diabetes, chronic smoking, COPD, and higher CCI, likely influence the dysregulated mucosal wound healing following intubation. Diabetes has been shown to increase the likelihood of tracheal injury and long-term tracheostomy dependence, presumably through microvascular injury resulting in impaired wound healing. 4, 9, 11 It is possible that tobacco exposure may prime the large airway mucosa for injury and lead to worse outcomes, particularly in iatrogenic stenosis where direct damage to the airway through instrumentation is occurring. As in COPD, smoking-induced damage to large airway mucosa lessens the vascular supply, rendering the area more susceptible to mechanical injury and thereby promoting pathologic wound repair of the epithelium and lamina propria. [14] [15] [16] [17] This population would be interesting to characterize in future studies where the role of tobacco, a modifiable risk factor, on the large airways may be more thoroughly analyzed. Through a similar mechanism, the impact of a high CCI as a predisposing factor for iatrogenic LTS may be indicative of a number of ischemic conditions-including heart disease, diabetes, and peripheral vascular disease-that interfere with normal wound healing in intubated patients, thereby predisposing them to a scar phenotype. As iatrogenic LTS is the most common etiology, changes in hospital practice patterns to promote earlier tracheostomy in high-risk patients and reducing the use of large endotracheal tubes could have an outsized effect on reducing the incidence of LTS.
This study has several limitations. We included only stenosis patients and their treatment courses at this study institution. Previous treatments at outside hospitals were not included, due to the lack of available records. This confounder may bias our study toward fewer procedures in some patients. Additionally, we relied on chart review to identify the stenosis etiology. It is possible that some noniatrogenic cases of LTS were classified as iatrogenic because they were uncovered after an intubation. However, the large number of clinically homogeneous patients in this cohort suggests that this was not a common problem. Furthermore, tracheomalacia has been shown to be highly associated with iatrogenic LTS and to be a risk factor for tracheostomy, but it was not analyzed in this study due to a lack of regular reporting of this associated phenomenon. 4 This study did not differentiate between current smokers and former smokers, which may affect development of LTS and laryngotracheal injury healing. However, current and former smokers have both been shown to sustain long-term damage to airway mucosa. [18] [19] [20] Finally, this is a retrospective study and All adjusted for age, sex, race. Mitomycin C application (n = 12) and laser incision cases (n = 20) were all tracheostomy free at last follow-up and therefore could not be included in the model, as they predicted the outcome perfectly for noniatrogenic stenosis alone.
is inherently limited by its design. For this reason, only a limited subset of the study population was included in the Kaplan-Meier analysis of time to second procedure, as it was not possible to determine whether patients who had a single procedure had resolution of their symptoms and did not require an additional procedure, transferred care to another provider, or remained tracheostomy dependent and did not seek additional treatment. It would therefore be inappropriate to draw any causal relationships from this study. However, the large number of LTS patients involved in this study-in combination with the extensive description of associations within LTS etiology-specific subgroupsprovides valuable information to clinicians regarding patient outcomes and treatment management and may be included in a meta-analysis to better analyze this rare disease.
Conclusion
Iatrogenic LTS, Cotton-Myer grade 3-4 stenosis, and not using local steroids were associated with tracheostomy dependence in this large LTS cohort. Iatrogenic LTS presents farther from the vocal folds and has a longer length of stenosis with greater narrowing when compared with other etiologies. Comorbid conditions promoting microvascular injury were more prevalent in iatrogenic LTS, including smoking, COPD, and diabetes, as well as obstructive sleep apnea and hypertension. Iatrogenic LTS is often difficult to treat, and the results of this study will be useful for practicing airway surgeons as well as other specialties that treat intubated patients. With raised awareness of factors associated with iatrogenic LTS, changes in hospital practice patterns to promote earlier tracheostomy in high-risk patients and reduce the use of large endotracheal tubes could have an outsized effect on reducing the incidence of LTS.
